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ABSTRACT
F00183-7111 is one of the most extreme Ultra-Luminous Infrared Galaxies known.
Here we present a VLBI image which shows that F00183-7111 is powered by a com-
bination of a radio-loud Active Galactic Nucleus surrounded by vigorous starburst
activity. Although already radio-loud, the quasar jets are only 1.7 kpc long, boring
through the dense gas and starburst activity that confine them. We appear to be wit-
nessing this remarkable source in the brief transition period between merging starburst
and radio-loud “quasar-mode” accretion.
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1 INTRODUCTION
Ultraluminous infrared galaxies (ULIRGs) are a class of
galaxy with a bolometric luminosity in excess of 1012 L
which were first uncovered by the IRAS satellite more than
20 years ago (Aaronson & Olszewski 1984; Houck et al. 1985;
Allen, Roche, & Norris 1985). A variety of observations sug-
gest that they represent a transitional stage in which gas-
rich spirals are merging to form a dusty quasar (Armus,
Heckman, & Miley 1987; Sanders et al. 1988; Veilleux et
al. 2002; Spoon et al. 2009). According to the scenario by
Sanders et al. (1988), the merger of two normal spirals fuels
a pre-existing quiescent black hole and triggers a power-
ful nuclear starburst.This intense starburst activity causes
the high infrared luminosity, and generates strong starburst-
driven winds which will eventually blow away the enshroud-
ing dust and lay bare the quasar core, depleting the dust and
gas to form an elliptical galaxy (Dasyra et al. 2006a,b). This
scenario is supported by merger simulations (e.g. Di Matteo
et al. 2005; Hopkins et al. 2005), which show that the super-
massive black hole grows by accretion while enclosed by ob-
scuring dust, and then sheds its obscuring cocoon, deposited
by the merger, through outflows driven by powerful quasar
winds (Balsara & Krolick 1993). This activity ceases when
the fuel supply to the central regions is exhausted, starving
both the active galactic nucleus (AGN) and the star forming
activity. This scenario is also supported by the observational
result that AGN activity increases with increasing bolomet-
ric luminosity (Genzel et al. 1998; Tran et al. 2001; Lonsdale
et al. 2006).
In the low-redshift Universe, star formation is dominated by
M82-type starburst galaxies, and less than 50 ULIRGs are
known at z < 0.1. However, at higher redshifts the cosmic
star formation rate is dominated by increasingly vigorous
starburst galaxies. At z = 0.5 ULIRGs are far more numer-
ous than in the local Universe, and dominate the cosmic
star formation rate (Blain et al. 2002; Le Floc’h et al. 2005;
Lonsdale et al. 2006; Wilman et al. 2008). They appear to
represent a significant step in the evolution of galaxies, so
that understanding their nature is crucial to understanding
galaxy evolution. However, the many magnitudes of extinc-
tion to their nuclei make it difficult to determine whether
their dominant power source is accretion onto a supermas-
sive central black hole, or a colossal starburst. The current
consensus (e.g. Risaliti et al. 2010; Veilleux et al. 2009) is
that most ULIRGs are primarily powered by a starburst, al-
though an AGN is dominant in a significant fraction. How-
ever, this view is based largely on optical and near-infrared
observations, which penetrate only the outer layer, and tell
us little of the nucleus.
IRAS F00183-7111 (also known as IRAS 00182-7112, and
which we shall hereafter refer to as 00183) is the most lumi-
nous ULIRG discovered in the IRAS survey, and one of the
most luminous ULIRGs known. At a redshift of 0.3276 (Roy
& Norris 1997), it has a bolometric luminosity of 9 × 1012
L(Spoon et al. 2009), most of which is radiated at far-
infrared wavelengths, and a linear scale of 1 mas = 4.7 pc
(H0 = 71 km s
−1 Mpc−1). It is the most luminous of the ex-
treme ULIRGs studied by Armus, Heckman, & Miley (1987),
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and also has the largest FIR excess, with LFIR/LB = 360.
For comparison, Arp 220 has LFIR/LB = 150, and spec-
tacular starburst systems like M82 and NGC 3256 have
LFIR/LB = 10, so this is a heavily obscured object. Near-
infrared imaging by Rigopoulou et al. (1999) (Figure 2)
appears to show a disturbed morphology and a single nu-
cleus, although the many magnitudes of extinction, even at
near-IR wavelengths, mean that this image may be showing
an outer shell of the galaxy, rather than the nucleus. CO
emission has also been detected from 00183 with an inferred
molecular gas mass > 2.4 × 1010 M(Norris et al. 2011),
confirming that this object is a vigorous star-forming galaxy.
Optically (Drake et al. 2004), it appears as an unremarkable
smudge 20 arcsec across (Heckman, Armus, & Miley 1990),
but long-slit spectroscopy shows bright ionised gas extending
50 kpc east and 10 kpc west of the nucleus, with highly
disturbed kinematics. Line widths are > 600 km s−1 over a
30 kpc-diameter region, reaching 1000 km s−1 in the region 3
- 7 kpc east of the nucleus. Line profiles are double-peaked
with a splitting of 300 - 400 km s−1 in the region 10 kpc
east, and the profiles are strongly blue-shifted with respect
to the nucleus out to 25 kpc E. The line ratios and widths
are typical of Sy2 galaxies, and the kinematics suggest a
powerful outflow.
Spoon et al. (2009) observed unusually wide [Ne II] and
[Ne III] profiles in 00183 – the widest [Ne II] and second
widest [Ne III] lines in a sample of 82 ULIRGs observed
with Spitzer-IRS (Spoon & Holt 2009). The lines may trace
strongly disturbed gas, resulting from interaction of the ra-
dio jets with the ISM. However, the strong dust extinction
means that these are characteristics of the outer parts of
the galaxy, rather than the nucleus. The size, velocity, and
morphology of the outflow agrees well with the super-wind
model of Heckman, Armus, & Miley (1990), in which the
optical emission comes from a thin shell of shock-heated
ambient gas swept up by a wind driven by the overpressure
produced by the starburst.
Spoon et al. (2004, 2007) fail to detect several common
mid-infrared AGN tracers in their Spitzer-IRS high reso-
lution spectrum. Furthermore, Spoon et al. (2004) detect a
deep 9.7 µm silicate absorption feature, and strong 4.7 µm
CO absorption. All of these are unusual for classical Seyfert
galaxies and quasars (Spoon et al. 2007; Hao et al. 2007)
suggesting that the line of sight to the nucleus is heavily
obscured.
However, radio observations are unaffected by the heavy
dust obscuration that blocks our view at shorter wave-
lengths, and allow us to see into the nucleus to look for
typical AGN-related core-jet structures with high brightness
temperature, to distinguish from diffuse, lower Tb starburst
emission. At the centre of 00183 lies a strong radio source
(Roy & Norris 1997), whose radio luminosity is ten times
higher than would be expected from a star-forming ULIRG
of 1013 L. Instead, this radio luminosity is attributable to
a radio-loud AGN buried at the core of 00183, with a radio
luminosity of L4.8GHz = 3 × 1025 W Hz−1 (Roy & Norris
1997) which places it within the regime of high luminosity
(FRII-class) radio galaxies. This AGN is invisible at opti-
cal and near-infrared wavelengths because of the dense dust
galaxy surrounding it, evidence for which includes the deep
9.7 µm silicate absorption feature (Tran et al. 2001; Spoon
et al. 2004). However, the AGN is confirmed by the detec-
tion of a 6.7 keV FeK line (Fe XXV) with a large equivalent
width, indicative of reflected light from a Compton thick
AGN (Nandra & Iwasawa 2007).
In a sensitive 12-hr ATCA synthesis observation of 00183
at 4.8 GHz, Roy et al. (unpublished data cited by Roy &
Norris 1997) found an unresolved core of 108 mJy and no
lobes brighter than 30 K (3σ). The core has an extraordinary
radio luminosity of L = 3× 1025 W Hz−1, typical of power-
ful radio galaxies, which makes the object ≈ 40 times more
radio-loud than expected for the normal radio-FIR correla-
tion. To produce this radio luminosity using supernovae, as
in Arp 220, would require an implausible 20000 luminous
radio supernovae (i.e. similar to RSN 1986J) radiating si-
multaneously.
However, the ultimate distinction between radio-loud AGN
and star formation is best achieved using Very Long Baseline
Interferometry (VLBI). While clumps of radio supernovae
can emulate low-luminosity AGN, high luminosity VLBI de-
tections are nearly always produced by AGN (Kewley et al.
2000). Here we present the results of a VLBI experiment to
probe the radio core of 00183.
2 OBSERVATIONS AND DATA REDUCTION
The VLBI observations took place (project code V024a)
over a period of fifteen hours on 11 August 2000. Six ra-
dio telescopes were used for this experiment: the 64 m an-
tenna of the Australia Telescope National Facility (ATNF)
near Parkes; the Tidbinbilla 70-m DSS-43 Deep Space Net-
work antenna at the Canberra Deep Space Centre, a phased
array at the ATNF Australia Telescope Compact Array
(ATCA) near Narrabri; the ATNF Mopra 22 m antenna near
Coonabarabran; and the University of Tasmania’s 26 m an-
tenna near Hobart and their 32 m antenna at Ceduna. The
Narrabri phased array consisted of five 22 m antennas of the
Australia Telescope Compact Array configured in a compact
(EW750a) configuration, giving a collecting area equivalent
to a 49 m diameter antenna. The Hartebeestehoek antenna
in South Africa also took part in the observations, but no
reliable data were obtained using that antenna, and so the
Hartebeestehoek data have been omitted from the data re-
duction. Observing scans were centred on the nucleus of
IRAS F00183-7111 (α = 00.h20.m34.s65; δ = −70.d55.m26.′′4
[J2000]) which doubled as a phase reference source. Hourly
scans of IRAS F00183-7111 were made every two hours at
13 cm.
The observation used the S2 recording system (Cannon et
al. 1997) to record 2 × 16 MHz bands (digitally filtered 2
bit samples). Both bands were upper side band and right
circular polarisation. The frequency ranges used for the two
bands were 2252 - 2268 MHz and 2268 - 2284 MHz. The
recorded data were correlated using the ATNF Long Base-
line Array (LBA) processor at ATNF headquarters in Syd-
ney (Wilson et al. 1992) with the nominal system temper-
atures applied for each antenna. The data were correlated
using an integration time of 5 seconds and with 32 frequency
channels across each 16 MHz band (channel widths of 0.5
MHz).
The correlated data were imported into the AIPS1 package
1 The Astronomical Image Processing System (AIPS) was devel-
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Figure 1. Naturally-weighted 2.3 GHz LBA image of IRAS
F00183-7111. The peak surface brightness is 45 mJy beam−1 and
the 1σ rms image noise is 90 µJybeam−1. Contours are drawn
at ±1,±2,±4,±8, · · · times the 3σ rms noise. The beam size is
12.8× 17.6 mas at a position angle of 38◦.
for initial processing. The data were fringe-fit (AIPS task
FRING) using a one minute solution interval, finding inde-
pendent solutions for each of the 16 MHz bands.
The fringe-fitting solutions were applied to the data and
the resulting visibilities exported into DIFMAP (Shepherd,
Pearson, & Taylor 1994) for further calibration and imaging.
The large-scale structure of the source was modelled in u−v
space with two Gaussian components and the smaller-scale
structure with two delta functions. Natural weighting was
used to maximise sensitivity and to accentuate the larger-
scale structure of the source. Several iterations of model-
fitting and phase self-calibration were executed until the
modelled and observed visibilities converged. In the final
iteration, amplitude self-calibration was performed with a
solution period of 10 minutes. A one sigma rms noise of 90
µJybeam−1 was achieved, closely matching the theoretical
thermal noise of the observation2. Errors of ±10% are listed
due to uncertainties in the absolute flux density scale for
Southern Hemisphere VLBI (Reynolds 1994).
In addition, ATCA data on 00183 were taken from the
ATCA archive and reprocessed to yield a flux density at
a number of frequencies. These, together with radio mea-
surements from the literature, are listed in Table 1, and are
used to produce the radio spectrum shown in Fig. 4.
3 RESULTS
The resulting VLBI image is shown in Figure 1.
The VLBI image shows the classical double-lobed morphol-
ogy similar to that of a classical radio galaxy, but on a scale
(1.7 kpc long) that is several orders of magnitude smaller,
and therefore indicative of a Compact Steep Spectrum (CSS)
source (O’Dea 1998; Randall et al. 2011).
oped and is maintained by the National Radio Astronomy Obser-
vatory, which is operated by Associated Universities, Inc., under
co-operative agreement with the National Science Foundation
2 Estimated with the ATNF VLBI sensitivity calculator:
http://www.atnf.csiro.au/vlbi/calculator
Figure 2. Near-IR (2.16 µm) image of IRAS F00183-7111
adapted from Rigopoulou et al. (1999). The orientation of this
image was incorrect in the version published by Rigopoulou et al.
and has been corrected here.
Figure 3. UKST R-band image of IRAS F00183-7111 with con-
tours (red) overlaid with naturally-weighted 2.3 GHz LBA con-
tour map (green).
The jet is approximately in the same position angle as the
extensions to the optical and infrared images shown in Figs.
2 and 3, but higher-resolution images are needed to see
whether this alignment is significant. Drake et al. (2004)
present a deeper R-band image showing an additional com-
ponent to the east, and there is marginal evidence for soft
X-ray emission to the east of the nucleus (Nandra & Iwasawa
2007).
The measured integrated flux density of the VLBI image
(178 mJy) is close to the interpolated flux density (192 mJy)
derived by assuming a constant spectral index between the
4.8 GHz measurement by Roy & Norris (1997) and the 843
MHz measurement by Mauch et al. (2003). Since Roy & Nor-
ris (1997) also detected no extended emission, we surmise
that the flux calibration scale is likely to be approximately
correct, and that essentially all the flux from the source is
contained within the image shown in Fig.1.
We note that the mid-point of the VLBI source does not
fall on the peak, but slightly to the East of it, in a gap
between the main peak and a subsidiary peak at the base
of the Eastern jet. While it is tempting to speculate that
these two peaks might represent the nuclei of the two galax-
ies that merged to form this ULIRG, it is also likely that
the Eastern peak is simply a knot in the jet, and that the
c© 2009 RAS, MNRAS 000, 1–9
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Figure 4. Radio spectrum of 00182. Data used to construct this
plot are listed in Table 1. The spectral index at high frequency
is approximately constant and flattens at low frequencies. The
light (green) line shows the best-fit spectrum law with a constant
spectral index of α = -1.38 (where I(ν) ∝ να). The dark (red) line
shows a fitted GPS model (Snellen et al. 1998) with spectral index
changing from -1.49 at high frequency to -0.43 at low frequency.
source is asymmetrical. Higher-resolution, higher-dynamic
range observations will be necessary to confirm this.
4 THE EVOLUTIONARY STATE OF 00183
4.1 AGN or Starburst?
The literature contains conflicting evidence as to whether
the radio emission from 00183 is primarily generated by star
formation or an AGN.
On one hand, 00183 is a classical ULIRG, and ULIRGs are
generally assumed to be predominantly powered by star-
burst activity. Its infrared spectrum lacks the lines (7.65 µm
[NeVI], and 14.32 & 24.32 µm [NeV]) characteristic of an
AGN (Spoon et al. 2009). It also has an inferred molecular
gas mass > 2.4 × 1010 M(Norris et al. 2011), and such
high molecular masses are generally found only in vigorous
star-forming galaxies. Furthermore, the strength of the 11.2
µm PAH feature implies an energetic starburst that may
contribute up to 30% of the bolometric luminosity of the
source (Spoon et al. 2004).
On the other hand, the radio luminosity of 00183 is L =
3 × 1025 W Hz−1, typical of powerful radio galaxies, and
placing it roughly on the break between Fanaroff-Riley Type
I and Type II galaxies (Martinez-Sansigre et al. 2006). As
discussed in §1, this radio luminosity would require a phys-
ically unrealistic number of radio supernovae to produce it.
Furthermore, the radio-infrared ratio of this object is ≈ 40
times higher than expected for a star-forming galaxy, based
on the canonical radio-FIR correlation (van der Kruit 1971;
Helou & Bicay 1993; de Jong et al. 1985; Condon 1992; Mao
et al. 2011).
For these and other reasons, Roy & Norris (1997) and Spoon
et al. (2009) argue that 00183 is powered by an AGN, which
is obscured by a thick veil of dust, so that optical and near-
IR observations see only the star-formation activity on the
outside surface of the galaxy.
Figure 1 provides clinching evidence for this argument. The
morphology of the radio source in 00183 is clearly that of a
standard core+jet radio-loud AGN.
4.2 Quasar mode or radio mode?
00183 is an extremely luminous ULIRG with vigorous star
formation, and contains a radio-loud AGN at its centre.
Such ULIRGs appear to be advanced mergers of gas-rich spi-
rals, caught after their first peri-passage (Toomre & Toomre
1972; Sanders et al. 1988; Veilleux et al. 2002). The leading
merger scenario (Sanders et al. 1988) predicts ULIRGs to
evolve into dusty quasars before settling down as moderate
mass ellipticals (Dasyra et al. 2006a,b). The above scenario
is largely in agreement with merger simulations (e.g. Di Mat-
teo et al. 2005; Hopkins et al. 2005), which show the super-
massive black hole growing by accretion, becoming a proto-
quasar. It then sheds its obscuring cocoon, deposited by the
merger, through outflows driven by powerful quasar winds
(Balsara & Krolick 1993). The central regions will eventu-
ally be cleared of fuel, starving both the AGN and any star
forming regions in the bulge, and activity will cease.
This scenario is broadly consistent with the “quasar-
mode”/“radio-mode” model (Best 2006; Croton et al. 2006;
Hardcastle et al. 2007), in which the two black holes of
the merging galaxies grow both through coalescence and
through the accretion of cold disc gas from the host galax-
ies, accompanied by vigorous starburst activity in the cool
gas. In this efficient quasar-mode (or cold-mode) accretion,
the infall of cold gas results in an accretion disk within a hot
broad-line region, producing a rapid growth of the black hole
mass. Further out, the accretion disk extends into a dusty
torus, while above and below the torus is the narrow-line
region.
During the quasar mode accretion, the unified model (e.g.
Antonucci 1993; Barthel 1989) explains the differences be-
tween broad-line (e.g. quasars) and narrow-line objects (e.g.
narrow-line radio galaxies) in terms of orientation of the line
of site relative to the torus. A radio-loud quasar is only seen
as a quasar if it is seen face-on; otherwise the nucleus is
obscured by the torus and it classified as a radio galaxy.
However, unified models do not explain the difference be-
tween radio-loud and radio-quiet objects. The factors that
cause a black hole to become radio-loud or radio-quiet are
currently unclear, but may include black hole mass (Best
2006), black hole spin (Sikora et al. 2007), magnetic field
c© 2009 RAS, MNRAS 000, 1–9
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(Ye & Wang 2005), merger history (Wilson & Colbert 1995)
or a combination of these factors.
Also missing from this description is the merger status of
the two original black holes. The timescale for the black hole
merger is extremely uncertain (e.g. Komossa 2003; Wilson
& Colbert 1995; Khan et al. 2011; Preto et al. 2011; Burke-
Spolaor 2011) and so it is not clear at what stage of the
above process the black holes merge, nor what the large-
scale effect, if any, of that merger will be. We note a possible
secondary peak discussed in §3, but defer further specula-
tion until we have a higher resolution, higher dynamic-range,
VLBI image.
Eventually enough energy is deposited into the cool inflow-
ing gas, both from radio jets and star formation, to heat and
disrupt the gas, resulting in the cessation of star-forming
activity and a much less efficient accretion mode known as
radio-mode or hot-mode accretion. The end product of this
process is an elliptical galaxy, with little or no star forma-
tion, whose central black hole slowly accretes the hot inter-
stellar medium.
00183 appears to be a rare example of an object caught at
an early phase of the process of forming a quasar, in the
brief period after the merging starburst, as the black hole
ramps up to “quasar mode” activity. The radio source has
already grown to a luminosity L4.8GHz = 3× 1025 W Hz−1
(Roy & Norris 1997).
A parallel, observational, description is given by Spoon et al.
(2007) who propose an evolutionary scenario in which 00183
(located in their class ”2A”) is in a short-lived evolutionary
transition from fully obscured buried nuclei to an AGN with
a clumpy torus geometry.
4.3 PRONGS
Norris et al. (2006) identified a class of galaxies, sub-
sequently christened PRONGS (Powerful Radio Objects
Nested in Galaxies with Star-formation) by Mao et al.
(2010), that consist of a radio-loud AGN buried within
a galaxy that appears at optical/infrared wavelengths as
a star-forming galaxy. Although AGNs are widely found
within star-forming galaxies (e.g. Seyfert galaxies), such
AGNs are relatively weak (∼ 1021 W Hz−1), three orders
of magnitude weaker than PRONGS. Furthermore, Seyfert
galaxies typically fall on the far-infrared-radio correlation
(FRC: Roy et al. 1998) whereas 00183 and other PRONGS
are typically ∼ 10 times too radio-luminous to follow the
FRC.
PRONGS are rare in the local Universe, with only two
known examples (NGC 612 & 0313-192: Ekers et al. 1978;
Emonts et al. 2008; Ledlow et al. 2001; Keel et al. 2006)
but seem to be increasingly common at high redshifts, with
∼ 50 identified by Mao et al. in the ATLAS survey of seven
square degrees (Norris et al. 2006; Middelberg et al. 2008).
The PRONGS studied so far are smaller (<50 kpc to 200
kpc) than standard radio galaxies, which range from hun-
dreds of kpc to 4.5 Mpc(Schilizzi et al. 2001), suggesting that
they may be either young or frustrated radio-loud galaxies.
00183 is clearly an extreme example of the class of PRONGS.
If, as Mao et al. (2010) suggest, PRONGS are an early evo-
lutionary stage of radio-loud galaxies, then 00183 may repre-
sent a short-lived extreme phase at the start of this process.
4.4 GPS and CSS galaxies
Gigahertz-Peaked Spectrum (GPS) and Compact Steep
Spectrum (CSS) sources are similar to PRONGS in that
they have a very small but powerful radio AGN at their
centre. GPS sources are typically < 1 kpc in size, and are
widely thought to mark the earliest evolutionary phase of
large-scale radio sources (Polatidis & Conway 2003; Tinti &
De Zotti 2006; Fanti 2009). CSS sources are one to several
tens of kpc in size (O’Dea 1998; Snellen et al. 1998; Randall
et al. 2011) and represent an intermediate stage between
GPS sources and the largest radio sources, FRI/II galaxies
(Snellen et al. 1999). PRONGS differ from CSS/GPS sources
in that they are immersed in a star-forming galaxy, whereas
most CSS/GPS sources are hosted by luminous red galaxies
or quasars (O’Dea 1998; Randall et al. 2011).
CSS sources have a steep (α < −0.8) spectral index across
the GHz frequency range, while GPS sources reach a maxi-
mum brightness at a few GHz, with the spectral index be-
coming positive below the maximum (Randall et al. 2011).
The positive spectral index at low frequencies is thought
to be caused by synchrotron self absorption, although free-
free absorption may also be significant (Fanti 2009). Fig.
4 shows the spectral energy distribution (SED) of 00183.
00183 is intermediate between these two classes, with the
spectrum noticeably flattening at low frequencies without
actually reaching a maximum.
We can estimate whether free-free absorption could be caus-
ing the observed turnover in this source. We assume a con-
stant synchrotron spectral index α = −1.38 (i.e. the value at
high frequencies), and a flux density of 14.7 mJy at 19.513
GHz, which implies an un-absorbed synchrotron flux density
of 1120 mJy at 843 MHz. If the turnover is caused by free-
free absorption by the surrounding starburst, modelled as a
foreground slab of ionised gas, then the slab has an opacity
of ∼ 1 at 843 MHz. Assuming an electron temperature of
8000K, and an electron density of 103 to 104 cm−3 (Anan-
tharamaiah et al. 1997), the required path length to produce
the observed spectral flattening is 1.5 to 15 pc, with a cov-
ering factor of unity. This is reasonable given the intense
starburst, and demonstrates that, at least in this source,
the turnover can easily be caused by free-free absorption in
the surrounding starburst.
In summary, the radio luminosity, size (1.7 kpc), and spec-
tral shape mark 00183 as similar to CSS and GPS sources,
but differing in that it is hosted by a star-forming ULIRG.
According to the standard CSS/GPS scenario (Randall et
al. 2011), the radio jets have just turned on, and are now
boring their way through the dense dust and gas. 00183
is surrounded by an enormous mass of cold molecular gas
(MH2> 2.4 × 1010 M) (Norris et al. 2011) so clearly the
jets have a difficult task ahead of them. They will even-
tually emerge as fully-fledged giant radio lobes, at which
point 00183 will probably become a classical FRII galaxy or
quasar.
5 CONCLUSION
Our VLBI image of the extreme ULIRG F00183-7111 shows
a classical core-jet radio-loud (> 1025 W Hz−1 ) AGN, which
has the luminosity and morphology of an FRII galaxy, ex-
cept that the total length of the source is only 1.7 kpc. This
c© 2009 RAS, MNRAS 000, 1–9
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core is surrounded by a vigorous starburst accompanied by
some 2.4 × 1010 M of molecular gas. The many magni-
tudes of dust extinction accompanying this starburst totally
obscure any sign of this AGN at optical or infrared wave-
lengths.
We have placed this source in an evolutionary sequence de-
fined by the standard quasar-mode/radio-mode model, and
find that it represents the initial stage of the formation of a
quasar. It is in the earliest throes of quasar-mode accretion,
with the powerful radio jets still confined by the dense cool
gas from the galaxies that merged to form this system.
In this respect it is very similar to the classical CSS/GPS
sources, differing only in that its host galaxy appears to
be at an earlier stage of post-merger evolution than most
CSS/GPS hosts. Eventually the radio jets will drill their way
out of the gas, at the same time heating and disrupting the
gas. As a result, the current vigorous burst of star formation
will be extinguished, marking the transition of this source
from a star-forming ULIRG with a “quasar-mode” AGN at
its centre to a powerful radio-loud quasar.
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Table 1. Radio data used for Fig. 4
Date Obs. ν Resolution Sν Ref.
(GHz) (arcsec) (mJy)
1997 - 2003 SUMMS 0.843 45 423.7 Mauch et al. (2003)
08 Feb 2004 ATCA 1.276 6.7 330 This paper
25 Jan 2002 - 31 Jan 2002 ATCA 1.384 7 306 Drake et al. (2004)
20 Apr 2001 - 26 Apr 2002 LBA 1.4 ∼ 0.1 341.8 Drake et al. (2004)
PTI 1.665 0.1 250 Norris et al. (1988b)
11 Aug 2000 LBA 2.268 0.015 178 This paper
25 Jan 2002 - 31 Jan 2002 ATCA 2.496 4 188 Drake et al. (2004)
05 Jan 1998 - 28 Feb 1998 ATCA 4.794 2 100 Drake et al. (2004)
PMN 4.85 252 108 Wright et al. (1994)
05 Jan 1998 - 28 Feb 1998 ATCA 8.64 1 46.9 Drake et al. (2004)
13 Jun 2009 ATCA 16.489 1.0× 0.47 18.7 This paper
13 Jun 2009 ATCA 17.513 0.94× 0.46 16.6 This paper
13 Jun 2009 ATCA 18.489 0.89× 0.43 15.7 This paper
13 Jun 2009 ATCA 19.513 0.85× 0.41 14.7 This paper
11 Jul 2009 ATCA 86.84 28 3.4 Norris et al. (2011)
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